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An investigation was conducted using a single cotiustor from a 
4600-pound-thrust turbojet engine to determine the amount of carbon ' 
deposition of AN-F-58 fuels and the effect of carbon formations in 
the cotiustor on the altitude operational limits. Three fuel blends 
couformiug to AH-F-58 specification were prepared in order to deter- 
mine the influence of boiling temperature aud of aromatic content on 
carbon deposition. The carbon-forming tendencies of the three 
AN-F-58 fuels aud of AN-F-32 fuel were compared at simulated alti- 
tudes of 20,ooO and 35,ooO feet, engine speed of SO-percent normal 
rated, and flight Mach number of 0. 

Carbon deposition increased with increase in armtic content 
and with increase in boiling temperature at constant aromatic con- 
tent for the AN-F-58 fuels. The values of carbon deposition 
obtained with AN-F-32 fuel were exceeded only by the values obtained 
with the AN-F-58 fuel nearest the maximum specification limits of 
boiling temperature and aromatic content. Altitude operational 
limits of the high-aromatic AN-F-58 fuel occurred at slightly lower 
altitudes when the liner and dome asse&ly contained carbon deposits 
than when it did not. The ignition plug was fouled with carbon 
after 17 hours of intermittent operation with a fuel approaching 
the maximum limits of the AN-F-58 specification at a simulated 
altitude of 20,000 feet and 9O-percent normal rated engine speed. 

The potential availability of AH-F-32 fuel for jet-propulsion 
engines is relatively small because of limitations in boiling range 
and composition. In order to increase the potential supply of fuel 
for jet-propulsion engines, fuel specification m-F-58, which has 
wider limits, has been issued. A comprehensive program was under- 
taken at the WACA Lewis laboratory to determine the performance 
characteristics of fuels conforming to specification AN-F-58 in 
current turbojet engines and in single combustors from these engines. 
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In the single-conibustor investigations (reference 1) special 
attention was given to the influence of physical properties and 
composition of AX-F-58 fuels on combustor performance in order to 
determine whether the limitations on physical properties and com- 
position in the specification require revision. 

The investigation reported herein was made to determine the 
effects of variations in boiling temperature and in aromatic con- 
tent of fuels, within AN-F-58 specifications, on carbon deposition 
in a 533 single combustor. An AN-F-32 fuel was included for com- 
parison with three AN-F-58 fuels. 

Each fuel was investigated by making a series of runs of 2-, 
4-, 6-, and lo-hour duration at simulated engtne operatin@; condi- 
tions of an altitude of 20,000 feet and 90-percent normal rated 
engine speed; a 6-hour run was made at an altitude of 35,000 feet 
and 90-percent normal rated engine speed. The effects of varying 
boiling temperature and aromatic content on carbon deposition are 
generalized by a correlation method reported in reference 2. 

One AR-F-58 fuel was used to determine the effect carbon 
deposits have on the altitude operational limits of a fuel. The 
altitude operational limits were determined using an initially 
clean combustor liner and dome and also with a liner and dome that 
initially contained carbon deposits accumulated during 80 hours of 
operating time at a simulated altitude of 20,000 feet and 90-percent 
normal rated engine speed. 

FUELS 

Analyses and specifications for the fuels used in this inves- 
tigation are presented in table I. 

Three f'uels conforming to AN-F-58 specification were used. 
The first of these (NACA fuel 48-249) was a uniform mixture of 
several tank-cer lots of AN-F-58 fuel as received from the supplier. 
For purposes of the investigation, this fuel, which boiled between 
llO" and 560' F and contained 19 percent aromatics, was considered 
a base stock. A second AN-F-58 fuel (NACA fuel 48-258) was pre- 
pared by blending 92 percent of the base stock with 8 percent of a 
number 3 fuel oil. The resulting blend boiled between llO" and 
590' F and contained 19 percent aromatics. This blend is herein- 
after identified as the high-end-point fuel. Comparisons of these 
two fuels (NACA fuels 48-249 and 48-258) were intended to indicate 
the effect of fuel boiling temperature on turbojet-engine 
performance. 
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A third AN-F-58 fuel (NACA fuel 48-279) was prepared by blend- 
ing 79 percent of the base stock with 13 percent of redistilled 
hydroformate bottoms and 8 percent of number 3 fuel oil. The result- 
ing blend boiled between llO" and 590° F and contained 29 percent 

, 

aromatics. This blend is hereinafter identified as the high- 
aromatic fuel. Comparisons of EACA fuels 48-279 and 88-258 were 
intended to indicate the influence of aromatic content as well as 
fuel boiling temperature on turbojet-engine performance. As shoun 
in table I, XACA fuel 48-279 approaches the maximum limit of the 
specification with respect to aromatic content and final boiling 
temperature. 

Inasmuch as the silica-gel determination for aromatic content 
(table I) is considered more reliable than A.S.T.M. determinations 
for AN-F-58 fuels, all armtic concentrations referred to are by 
the silica-gel method. 

A diagram of the general arrangement of the J33 single combustor 
and the auxiliary equipment is shown in figure 1. Air flow to the 
combustcrr was measured by a square-edged orifice plate installed 
according to A.S.M.E. specifications and located upstream of all 
regulating valves. The coribustor-inlet-air temperature was regulated 
by use of electric heaters. The confbustor-inlet-air quantities and 
pressures were regulated by remote-controlled valves in the labora- 
tory air-supply and exhaust systems. 

A diagrammatic cross section showing the combustor and its 
auxiliary ducting, the position of instrumentation planes, and the 
location of temperature- and pressure-measuring instruments in the 
instrumentation planes is presented in figure 2. Thermocouples and 
total-pressure tubes in each instrumentation plane were located at 
centers of equal areas. Construction details of the temperature- 
and pressure-measuring instruments are shown in figure 3. 

Fuel flows to the conibustor were measured by rotameters cali- 
brated for each fuel. Pressure and temperature data were obtained 
by using manometers and potentiometers, respectively. 

PRocmuKE 

Carbon Deposition 

The carbon-deposition characteristics of each fuel were deter- 
mined by making runs of 2-, 4-, 6-, and IO-hour duration. The 
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weight of carbon reported herein is the total snunult that was 
deposited on the liner, dcme, and ignition-plug asse&ly during 
any one run and represents the change in weight of this assembly 
during the run. These components of the combustor assembly were 
clean at the beginning of each run. The amount of carbon deposited 
on any one component was not determined. 

The engine operating conditions simulated were those at alti- 
tudes of 20,000 or 35,000 feet, at 90-percent normal rated engine 
speed, and flight Mach number of 0. These conditions, which were 
obtained from the manufacturer's performance estimates of the 
compressor-turbine unit, are tabulated as follows: 

Altitude 
(f-t) 

20,000 35,000 

Combustor-inlet total pressure, in. Hg absolute . . . 
Combustor-inlet total temperature, Op . . . . . . . 

53.9 31.5 
. 

-T- 

271 221 
Mass air flow, lb/set . . . . . . . . . . . . . . . . 2.87 1.66 
Turbine-inlet total temperature, oF . . . . . . . . . 1098 1073 

Only g-hour runs were made at the 35,0CO-foot altitude condition. 

Fuel flow for each simulated engine condition was determined 
by adjusting the inlet-air conditions to the desired values and 
varying the flow of the base-stock AN-F-58 fuel (NACA fuel 48-249) 
until the required average turbine-met total temperature was 
obtained. These values of weight fuel flow were then used for all 
other fuels at the respective simulated engine conditions. The 
rates were 124.2 pounds per hour at the 20,000-foot-altitude con- 
dition and 78.9 pounds per hour at 35,000 feet. 

Effect of Carbon Form&ions on Altitude Operational Limit 

The altitude operational limit is defined as the altitude 
above which the combustor will not deliver sufficient temperature 
rise to operate the turbine at a designated rotational speed. The 
data for the selection of the required temperature rise at each 
condition were obtained from manufacturer's estimates at a Mach 
nuniber of 0. 

At each simulated engine rotational speed and altitude condi- 
tion, the fuel flow was increased after ignition in an effort to 
obtain an average combustor-outlet (or turbine-inlet) temperature 
equal to or greater than that required for engine operation at 
those conditions. 
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The altitude operational limits of the high-aromatic AR-F-58 
fuel (NACA fuel 48-279) were determined using an initially clean 
liner, dome, and ignition-plug assembly. The combustor was then 
intermittently operated for 80 hours at simulated engine operating 
conditions of an altitude of 20,000 feet and 90-percent normal 
rated engine speed. The altitude operational limits of the fuel 
were again determined; this time the liner, dome, and ignition- 
plug assembly 
80-hour run. 

contained carbon deposits accumulated during the 

c-ems 
Combustion efficiencies were computed for the runs that pro- 

vided the experimental points on the altitude-limit curves. Com- 
bustion efficiency is defined as 

actual enthalpy rise across conibustor 
heating value of fuel supplied 

Values for obtaining the enthalpy rise across the co&u&or 
were obtained from the charts of reference 3; heating values of the 
fuels are listed in table I (net heat of combustion). 

The experimental data used to derive enthalpy values from the 
charts were: inlet-air total pressure, considered to be repre- 
sented by the average reading of the 12 total-pressure tubes located 
in section A-A (fig. 2); inlet-air total temperature, taken as the 
average reading of the two thermocouples located in section B-B 
(fig. 2); average conibustor-outlet (or turbine-inlet) gas total 
temperature, taken as the average reading'of the 16 thermocouples 
at section C-C (fig. 21, when the thermocouple values were con- 
sidered as true values of the total temperature. 

RESTJLTS AND DISCUSSION 

Carbon Depos itfon . 
The amounts of carbon deposited by the various fuels in the 

single combustor at simulated engine conditions of altitudes of 
20,ooO and 35,000 feet, 90-percent normal rated engine speed, and 
Mach number of 0 are presented in table II. Investigations of some 
of the fuels were repeated to detee the reproducibility of the 
data. The average value of the carbon depositions in the two or 
more repeated runs on each of these fuels is also listed in 
table II. 
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The average values of the carbon deposition from table II are 
plotted against run time in ffgure 4 for the 20,0CO-foot-altitude 
condition; carbon deposition is also shown in figure 5 for a run 
time of 6 hours and an altitude of 35,000 feet. 

As shown in figure 4, the base-stock and high-end-point 
AN-F-58 fuels (NACA fuels 48-249 and 48-258, respectively) gave 
values of carbon deposition that increase approximately linearly 
with run time throughout the range of the experimental program. 
The carbon-deposition values obtained with the high-aromatic 
AN-F-58 fuel (NACA fuel 48-279) and with AN-F-32 (NACA fuel 48-306) 
began to depart from a linear relation after about 4 hours of run 
time. 

Comparison of the data of figure 4 at a run time of 6 hours 
with data of figure 5 indicates that carbon deposition decreased .' 
with increase in altitude. Conversion of the carbon-deposition 
values to amount of carbon per unit of fuel consumed, however, 
results in values that are substantially constant. These constant 
values indicate that, for the limited range of run time and the 
tgpe of combustor used, carbon deposition varied directly with the 
weight of fuel consumed. This result was not obtained when carbon 
depositfon was investigated in an annular coxbustor (reference 2). 
The order of carbon deposition among the fuels was the same for 
the different run times at an altitude of 20,000 feet as it was 
fcr the run time of 6 hours at an altituds of 35,000 feet (figs. 4 
and 5). For a run time of 6 hours and an altitude of 20,000 feet, 
the order of the fuels with increasing carbon and the amount of 
carbon deposited (in grams) with each is as follows: 

Base-stock AN-F-58 (NACA fuel 48-249) . . . . . . . . . . . . . 8.9 
High-end-point AN-F-58 (NACA fuel 48-255) . . . . . . . . . . 11.3 
AN-F-32 (NACA fuel 46-306). . . . . . . . . . . . . . . . . . 16.5 
High-aromatic AN-F-58 (NACA fuel 48-279) . . l . . . . . . . 19.0 

Because the end-point temperatures (590° F) of the high-end- 
point AN-F-58 fuel (NACA fuel 48-258) and high-aromatic AN-F-58 
fuel (NACA fuel 48-279) are the same, it might be presumed that auy 
difference in the values of carbon deposition of the two fuels would 
be caused by the differences in aromatic content. The AN-F-32 fuel 
(NACA fuel 48-306), however, has an end-point teqerature of 446O F 
and gives values of carbon deposition between the values obtained 
with the two previously mentioned AN-F-58 fuels. Data presented in 
reference 2 indicate that the volumetric average boiling temperature 
(arithmetical average of the boiling temperatures at the lo-, 30-, 
50-, 70-, and 90-percent evaporated points) is more indicative of the 
temperature effect on carbon depositfon of a fuel than is the 

* 

E 



NACA RM E9JXX 

t 
end-point temperature, Other data presented in reference 2 show 
the effect of change in hydrogen-carbon weight ratio of a fuel 
(resulting from changes in aromatic content) on carbon deposition. 

Volumetric averageboiling temperatures of the AH-F-58 and 
AN-F-32 fuels used in the present carbon-deposition investigation 
were determined from the data of table II. Carbon deposition of 
the AK-F-58 fuels (figs. 4 and 5) increased with increase in volu- 
metric average boiling temperature at constant aromatic content. 
The volumetric average boiling temperature of the high-end-point 
AX-F-58 fuel (NACA fuel 48-258) was 17O F higher than that of the 
base-stock AN-F-58 fuel (NACA fuel 48-249); its average carbon 
deposition, at a run time of 6 hours and 20,000-foot-altitude con- 
ditions, was 27 percent higher than that of base-stock AK-F-58 fuel 
(NACA fuel48-249). The volumetric average boiling t-era-Lure of 
the high-aromatic AN-F-58 fuel (NACA fuel 48-279) was 20° F higher 
than that of high-end-point AN-F-58 fuel (NACA fuel 48-258); but 
its average carbon deposition, at the previous conditions, was 
68 percent higher than that of high-end-point AN-F-58 fuel (NACA 
fuel 48-258). Comparison of these values indicates that the 
increase in carbon deposition of the high-arcanatic AN-F-58 fuel 
(NACA fuel48-279) over that of the other AN-F-58 fuels was not 
entirely due to the dffference in boiling temperatures, but was 
also an effect of the increase in aromatic content. Although the 
AN-F-32 fuel had the highest volumetric average boiling t-era- 
ture of the four fuels investigated, its value of carbon deposi- 
tion was exceeded by that of the high-aromatfc AH-F-58 fuel. This 
fact can be explained by the increased aromatic content of the 
high-aromatic AN-F-58 fuel over that of the AN-F-32 fuel. 

An empiricalmsthod of correlating carbon-deposition data of 
19 fuels with their volumetric average boil.ingtemperature and 
hydrogen-carbon weight ratio is presented in reference 2. A plot 
of the carbon-deposition data of the AN-F-58 and AN-F-32 fuels 
according to the correlation of reference 2 is presented in 
figure 6. The figure is divided into two quadrants; the left 
quadrant contains lines of constant hydrogen-carbon weight ratio 
and volumetric average boiling temperature; the right quadrant 
contains the weight of carbon deposited. The ordinate of the 
chart is obtained by moving up the volumetric average boiling 
temperature to the proper hydrogen-carbon weight-ratio curve. The 
weight of carbon obtained is then plotted wt this value of 
the ordinate. The same constants relating hydrogen-carbon weight 
ratio and volumetric average boiling temperature of reference 2 
were used for constructing the left quadrant of figure 6. The 
hydrogen-carbon weight ratios ard data for calculating the volu- 
metric average boiling temperatures of the AN-F-58 and AN-F-32 
fuels were obtained from table I. 
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The carbon-deposition data of the four fuels, at any one 
engine condition, can be approximated by one straight line and 
demonstrates that the correlation of reference 2 has valid applica- 
tion to the fuels studied herein. 

During the 80-hour intermittent run made in connection with 
the altitude-operational-limit workj it was impractical to weigh 
the carbon deposits at intervals in order to determine the rate of 
carbon build-up. Such a procedure would have involved disassembly 
of the combustor and thus might have disturbed the carbon forma- 
tions. As an alternative, the liner, dome, and ignition-plug 
assembly was therefore photographed at successive intervals. 
Several of the photographs are shcmu in figures 7 to 9. These 
photographs indicate, that the weight of carbon deposited by the 
high-aromatic AN-F-58 fuel (NACA fuel 48-279) on the fuel nozzle 
and primary air louvres increased progressively until the duration 
of the run had reached about 70 hours, at which time the rate of 
erosion and burning away of the carbon apparently balanced the 
rate of its deposition. Carbon formations on the liner apparently 
apProached a maximum after about 40 hours. 

As shown in figure 8(a), the ignition plug was fouled after 
17 hours of running time at engine conditions of 20,000-foot alti- 
tude and go-percent normal rated engine speed. The ignition plug 
was cleaned without disturbing the formations on the other parts 
of the combustor assembly. Ignition-plug fouling again occurred 
at these engine conditions, as shown in figures 8(b) to 8(d), and 
required cleaning in each case. 

Effect of Carbon Formations on.Altitude Operational Liinits 

Results of the investigation to determine the effects of 
carbon formations on altitude operational limit8 are shown in 
figure 10. Because altitude conditions for engine operational 
conditions above 80,000 feet could not be simulated, the tailed 
data points do not necessarily represent altitude limits at the 
particular engine speed. The other data points do represent alti- 
tude limits. Cmibustion efficiencies at the experimental points 
that determine the altitude-operational-limit curves are included 
in the figure. 

In general, the operational limits of the high-aromatic 
AN-F-58 fuel (NACA fuel 48-279) occurred at lower altitudes (for 
given engine speeds) when investigated using the liner and dome 
containing carbon deposits from the 80-hour run than when using 
an initially clean assembly. The difference was of the order of 
2500 feet within the range of 80- to 90-percent ncmal rated 
engine speed. 
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In order to preserve as nearly as possible the initial condi- 
tion of the liner assembly with regard to carbon deposition, it was 
desirable to hold the altitude-limit eqerimental run time to a 
IlLhbUU. With this minimum in mind the runs, at given engine 
speeds, were made at altitude increments-of 25OO'feet until the 
highest altitude was determined at which engine operation require- 
ments were attained. 

A photograph of the cor&ustor assembly (fig. 7), made imme- 
diately after the upper curve in figure 10 was established, shows 
that the high-aromatic AN-F-58 fuel (NACA fuel 48-279) deposited 
very little carbon during the altitude-limit runs made with an 
initially clean liner assembly. The condition of the combustor 
assembly, with regard to carbon formations, after the 80-hour run 
is shown in figure 8(d). The lower curve of figure 10 was then 
determined with the initial condition of the assembly as shown in 
fipe 8(d). A photograph (fig. 9), made of the assembly imne- 
diately after the lower curve of figure 10 was determined, indi- 
cates that the amount of carbon deposited during the 80-hour run 
was actually reduced during the altitude-limit runs. 

At an engine speed of 53-percent normal rated (fig. lo), the 
ssme altitude limit was obtained with the initially clean com- 
bustor assembly as with the assembly containing carbon formations. 
The combustion efficiency was about 9 percent higher, however, 
when using the assembly containing carbon. This difference is 
in agreement with data presented in reference 4, which indicate 
that combustion efficiency increases with carbon build-up on the 
fuel nozzle. The high combustion efficiency obtained with the 
combustor containing carbon deposits (lower curve) at the high 
engine speeds cannot, however, be entirely attributed to carbon 
because the low altitude at which the data were obtained would 
also contribute to higher efficiency. 

From carbon-deposition investigations of three AN-F-58 fuels 
and one AN-F-32 fuel in a J33 single cozibustor, the following 
results were obtained: 

1. Carbon deposition increased with increase in volumetric 
average boiling temperature at constant aromatic content and 
with increase in aromatic content of the AR-F-58 fuels as shown 
by data plotted on the basis of an empirical correlation pre- 
viously established. 
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2. Values of carbon deposition obtained with the AN-F-32 fuel 
were exceeded only by the values obtained with the AN-F-58 fuel 
nearest the maximum limits of boiling temperature and aromatic 
content. For a run tfme of 6 hours, the values were 16.5 and 
19.0 grams for the Am-F-32 and the AN-F-58 fuels, respectively. 

3. Altitude operational limits of the high-aromatic AN-F-58 
fuel occurred at altitudes approximately 2500 feet lower when the 
liner and dome assermbly contained carbon deposits than when it 
did not. 

4. The ignition plug was fouled with carbon after 17 hours of 
intermittent operation with a fuel approaching the maximum limits 
of the AN-F-58 specification at simulated engine conditions of 
20,000 feet altitude and go-percent normal rated engine speed. 

Lewis Flight Propulsion Laboratory, 
National Advisory Coxunittee for Aeronautics, 

Cleveland, Ohio. 
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TABLE I -  spEc rF1cAT1ms  A H D m A i x S E a  O F F U E L S  U S E D  

s-peci f icat ions Ana lys is  

An -F -56  A N - F - 3 2  A m - F - 5 8  A H - F - 3 2  
N A C A  fue l  4 8 - 2 4 9  4 8 - 2 5 0  4 8 - 2 7 s  4 0 - 3 0 6  

1.S.T.M.dist i l l8t ion 
D  86 -46 ,  ? F  
Init ial bo i l i ng  I;oiat - - - - - - - - - - -  -w- - - - - - - - - -  1 1 0  1 1 0  l lo 3 3 6  
P e r r c e n t a g e  e v a p o r a t e d  

5  - - - - - - - - -  - - - - - - - - - - - -  I l .35 1 3 7  1 3 3  3 5 0  
1 0  - - - - - - - - - - -  41o (mar . )  1 5 7  1 5 7  1 6 4  3 5 6  
2 0  - - - - - - - - - - -  - - -_- - - - - - - -  1 9 2  I .98 2 1 5  3 6 0  
3 0  - - - - - - - - - -  - - - - - - - - - - -  2 3 0  2 4 6  2 7 3  3 6 5  
4 0  - - - - - - - - - -  - - - - - - - - - - - -  2 7 2  2 9 1  3 2 7  3 7 0  
5 0  - - - - - - - - - - -  - - - -e -w- - - -  3 l 4  3 3 2  3 7 0  3 7 5  
6 0  - - - - - - - -  - - - - - - - - - - - -  3 5 1  3 7 3  4 0 7  3 s Q  
7 0  - - - - - - - - - - -  - -w- - - - - - - - -  3 8 8  4 1 0  4 3 7  3 8 7  
8 0  - - - - - - - - - - -  - - - - - - - - - - - -  4 2 7  4 5 0  4 6 4  3 9 4  
9 0  4 2 5  (min. )  49o (mEx . )  4 7 3  5 0 0  5 0 1  4 0 5  

F ina l  bo i l i ng  po in t  6oc l  (==. I  572 (max . )  5 6 0  5 9 0  5 9 0  4 4 6  
Res idue ,  (pe rcen t )  1 .5  (nwx. )  1 .5  (mar . )  1 .0  1 .0  1 .0  1 .0  
Loss,  (pe rcen t )  1 .5  (Eu . )  1 .5  (mBx. )  1 .0  1 .0  1 .0  1 .0  

b e e z i n g  point ,  O p  - 7 6  (max. )  - 7 6  (max. )  <  - 7 6  c -76  e - 7 6  - - - - - -  
Lcce le ra ted  gum,  

b r d l ~  - 1  2 0  b - 1  8 . G  (mu. )  2 .9  12 .4  17 .3  0 .0  
ti- jet res idue ,  

(ms/ l~  - 1  1 0  (max. )  5  (max. )  2 .6  4 .8  8 .0  1 .0  
W fur, (pe rcen t  by  

- i&t)  0 . 50  (max. )  0 . 20  (mar . )  0 . 03  0 .09  0 .04  0 .02  
Lrai lat ics,  (pe rcen t  by  

vo l ume)  A .S .T.H. 
D - 8 7 5 - 4 6 T  
si l ica g e l 8  

3 0  (==. I  2 0  ( IDFLI.)  1 7  1 7  2 6  - - - - - -  
- - -e - - - - - - -  - - - - - - - - - - - -  1 9  1 9  2 9  1 5  

Ipecif ic grav i ty  - - - - - - - - - - -  0 . 854 )  (w.)  0 . 7 6 9  0 . 7 7 5  0 . 8 0 6  0 . 8 3 1  
riscosity, (cent is~s  

8t  -+ l "  F)  10 .0  (m8x. )  10 .0  (max. )  2 . 67  2 .64  4 .26  - - -e -m 
3 r o a i n e  nmfce r  14 .0  (ma. )  3 .0  (max. )  13 .8  X i .3  12 .4  - - - -em 
lee id  v a p o r  p ressure ,  

( lb /w in .1  5 - 7  - - - - - - - - - - - -  5 .4  5 .1  4 .0  - -e - -e  
T y d r o g e n 4 8 r b o n  rat io  - -_- - - - - - - -  - - - - - - - - - - - -  0 . 1 6 3  0 . 1 6 1  0 . 1 5 0  0 . 1 5 4  
ret  hea t  of  a m b u e t i o n  = , =  

(Btu/ lb  ) (min.  1  - - - - -m-w- - - -  1 8 , 6 4 0  1 8 , 6 9 0  1 8 , 4 8 0  1 8 , 5 3 0  
Q - d r o c a r b o n  ana lyses  

(pe rcen t  by  v o l u m e  5  S ing le - r i ng  a romat ics  15 .0  13 .2  14 .8  - - -me-  
Fused - r i ng  a romat ics  3 .0  4 .1  12 .8  - - - - - -  
U n f u s e d  two- r ing  8 romat ics  0 .5  1 .5  1 .4  - - - -em 

l lef in 7 .1  6 .2  5 .3  - - -m-e  
ionsxo lnat ic  cyc lo-  

pa r& t i r i ng  15 .7  16 .7  14 .3  - - - - -  
ron8ron la t i c  pa?u-a f f i n  

8 n d  pars i f in  s ide  cha in  56 .7  58 .3  51 .4  - - - - - -  
~ ~ -  -  

% e te rm inedbymodF f i ed&hodo f re fe rence5 .  
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TARIZ II - C- IBPOSITION OF THEBE AN-F-58 FUELS 

AND AN-F-32 FUEL IN SIRGLE COMBUSI'OR 

@.mulated engine speed, 90-percent normal rated] 

\ 

Carbon deposited, grami 
Simulated altftude, ft Run time 

\r (hr.)3 2 

Fuel & 

20,(30O I 35,cxIo 

Base-stock 4.0 
Am-F-58 
(NACA fuel 48-249) i:? 

4 6 10 6 

5.9 9.6 14.8 5.9 

6.1 8.9 14.9 --m--w 

7.3 10.5 19.7 7.0 
7.5 12.1 ---- w----w 

7.4 11.3 ---- -w---B 

11.4 17.2 26.7 10.1 
15.0 20.7 ---- 13.7 
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m- -ng 1M in instrruacntatim pkm. 
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(section CG) 

pi&gra 3. - C~fnlctlon aetalle of taQcnltnre- ad. psellm -ng lnEtIuuent8. 



0 AH-F-58 48-249 llO-560 
0 AN-F-58 48-258 110-590 
A M-F-58 48-279 llO-590 

s 
0 1 2 5 4 5 6 7 8 9 10 z 

Run time, hr 2 
Pigure4.- Mfect of pm time on carbon deposition of Sour Sue18 in single combustor. 

Mmulated engine o eratSng condltlons: 
eagine apeed; ,Sli& Maoh number, 0. 

altitude, 20,000 feet; 90-portent normal rated sf 
E m 

. * c . 



, I 
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Fuel NACA Boiling Aromatics 
fuel 

g 
'p;~;-;)by 

AH-F-58 48-249 110-560 AN-F-58 48-258 110-590 ti 
AN-F-58 48-279 110-590 29 
AN-F-32 48-306 336-446 15 

48-258 48-306 48-279 
Fuels pg7 

8 

Figure 5. - Carbon deposition of four fuels in single combustor. Run 
the, 6 hours; simulated engine operatI.ng conditlms: altitude, 
35,000 feet; 90-percent normal rated engine speed; flight Mach 
number, 0. 



0.08 
.w 
.lO 
.ll 
.la 

43c,wc s6,cQc 

ia-P-a 48-w llc-5-60 
AH-F-66 48-256 UO-5W 
AX-F-6646~279llC-6W 

Ioc 350 5Kl 4w 400 360 3w 250 800 160 100 60 0 4 6 810 ZO 40 6owl.w 

. 



. 

f 

NACA RM E9DO6 

i 

19 

Figure 7. - Carbon deposits in eingle oombmtor obtaIned from altitu&-opreLtfonal-limf 
deterrminatiom made with inltlally clean combustor aesemblg. Fuel, high-eronratic 
AN-F-58 (RICA fuel 48-279). 

t 

. 
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(a) knt~, 17 hours. 

lQure 8. -C!wbondepoeite inefngle ocmbuator. 
488679); engine 0odKtlona: 

Fuel,bigh -6trouatio m-F-58 (l!UC!A fuel 

speed; flight Maoh nwiber, 0. 
altitude, 20,OW feet; SO-percent normal rated engine 

(b) Iiun tin=, 43 hams. 

Fi 8. 
T= 

- Onrt~ed. Carbondepoeite lnebgle oandbuetor. Fuel, high 
EIACA fuel 48-279); engine omditione: 

-8rwmtio iw-F-58 
altftnde, 20,000 feet; SO-pement nom& rated 

engine epeed; flight Manhmmber, 0. 
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(c) Euntime. 68 hears. 

FigKre a. - Coxrtinued. carbon depoeits in mingle umbuator. Fhel, hzlgh-arom tfc AK-F 
(l?AOA fuel 48-279); engine ocdTblone: altitude, 20,OMl feet; so-pemeIrt llwrat 
engine speed; flightbisnhmniber, 0. 

-58 
ed 

(d) km time, 80 hams. 

Blgure 8. - conalded. Carbondepo~lta insingle ocmbuetar. Fuel, high-arcwtioM-F 
(HACA fuel 48-279); engiae aor~Utioas: 
engine epeed;fl igbtMaahmmber, 0. 

eltitude, 20,OOC feet;. SO-peroent normal r8t1 
-58 
6d 
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Figure 9. Carbon depoeite in sin&e canbuator, remaining after altitude-operational-limit 
determinations made ulth cmbustor aaeembly initially oontainlng deposits frora 80-hour 
run. Fuel, hfgh-arome tie AH-B-58 (HACA fuel 48-279). 
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Ffgure 10. - Altftude operational lim its of high-aromatic AN-F-58 
fuel (NACA fuel 48-279) as affected by carbon depoafts in single 
combustor. 
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